Microwave plasma (MWP) technology is currently being used in application fields such as 16 semiconductor and material processing, diamond film deposition and waste remediation. 17
Introduction 1
A sustainable and green economy represents one of the major challenges of contemporary society. It 2 involves mostly the reduction of waste generation, but also the optimization of raw material 3 consumption in order to mitigate current alarming pollution problems and lower the energy 4 requirements of industrial conversion processes. In this regard, the process intensification (PI) 5 philosophy 1 has significantly improved such industrial conversion processes. By applying the PI 6 principles, 2 various processing advances can be attained such as 1) higher energy efficiency, 2) lower 7 raw material usage, 3) prevention of waste generation (improved product quality) and 4) safer process,
8
as demonstrated in several industrial applications.
3-5 9
For the chemical industry to progress towards a sustainable economy, novel waste-to-product 10 approaches need to be developed to reduce the dependency on fossil fuels-based raw materials.
11
Carbon Capture & Utilization (CCU) is an emerging concept, which utilizes waste (e.g. greenhouse 12 gases) as chemical feedstock to produce valuable products. 6 In most cases however, the required 13 energy input to transform waste into products tends to be rather high, making the re-utilization process 
17
This falls within the so-called power-to-chemicals approach, 7 whereby greenhouse gases and/or water 18 are converted into hydrocarbons by means of surplus electric power.
19
In the context of power-to-chemicals approach, a large variety of electricity-based chemical reactors,
20
such as electrolyzers, 8 electrocatalytic reactors 9 and plasma-based reactors 10, 11 have been investigated.
21
The first two reactor types require the use of a catalyst, which potentially introduces problems of 22 thermal degradation and coking at high temperatures. 12 Concerning the use of electrolyzers, even 23 though this technology has reached rather high voltage efficiencies (solid oxide electrolyzers, 80%), 13 24 the specific energy consumption compared to conventional hydrogen production routes (mainly steam 25 reforming) is still relatively high. Plasma reactors represent a novel alternative technology due to 26 certain processing benefits such as: fast process dynamics, process flexibility, no need for catalyst use 27 in many processes, no need for (bulky and costly) gas-fired furnaces, low maintenance cost, and high 28 quality products (low by-products formation). The performance of these three reactor types for the 29 production of hydrogen was evaluated by Dincer et al. (2015) . 13 From the cost and energy efficiency 30 point-of-view, they concluded that the plasma-assisted reactor performs better compared to the other 31 electricity-based reactors. In this work, we focus on microwave plasma (MWP)-assisted reactors, 32 which appear to be one of the most promising plasma reactor types as discussed hereafter.
33
Plasma can be triggered and sustained by different energy sources. MWP in particular is a gas ionized 34 by means of a high frequency (300 MHz -300 GHz) electromagnetic field. 1 l/min Ar + 9 ml/min (CH3OH) 1 l/min Ar + 13.5 ml/min (C2H5OH) 1 l/min Ar + 8. which MWP will play a role are water and air purification, material synthesis (nano-particle 9 production, diamonds, textiles) and biomedicine (cancer treatment, wound healing, disinfection). 10 11 
5
The gas flow rate largely affects reactor stability as low flow rates can lead to severe increase in the 6 specific energy input (SEI, J/m 3 ), i.e. the ratio between the input power and the inlet flow rate, causing 7 rupture of the reactor. When the flow rates are excessive, plasma is extinguished due to the drop of 8 SEI. The study of operating flow rate range should therefore be carefully assessed in MWP reactors.
9
Control of the operating pressure is particularly important when working with low-pressure MWP, as 10 it influences both plasma ignition and sustenance. When pressure is increased, the number of 11 collisions between electrons and other species also increases, implying that more input power is 12 needed to sustain plasma.
13
Finally, as discussed, the cooling system (flow rate) requires a suitable design in which sufficient heat 14 is removed from the plasma reactor to ensure proper function and stability of the system.
15
With respect to safety, the primary concern is related to exposure of operators and/or fuel to 
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